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The susceptibility of 105 strains of Bacteroides to arsenate, silver, nickel,
cobalt, lead, cadmium, chromium, and mercuric ions was tested by using an agar
dilution technique. All strains of Bacteroides were multiply resistant. Bacteroides
fragilis was significantly more resistant to silver ions than other Bacteroides
species and slightly more resistant to several other ions. Arsenate was the most
active ion tested, with 75% of strains being susceptible. All 25 strains ofB. fragilis
tested against silver sulfadiazine were susceptible.

There is little information on the susceptibility
of Bacteroides spp. to heavy metals and metal-
loid compounds. Knowledge of this susceptibil-
ity may be of value in clinical situations and in
providing functions for some of the cryptic plas-
mids which have been demonstrated in Bacte-
roides spp. (14, 18; T. V. Riley, unpublished
data). In facultative anaerobes, plasmid-mediat-
ed resistance to heavy metals has been exten-
sively studied (16), and comparative surveys in
Bacteroides spp. may be rewarding. The suscep-
tibility of Bacteroides spp. to heavy metals may
be of clinical importance in specific situations.
Decubitus ulcers are frequently infected with
anaerobic bacteria, particularly Bacteroides
spp. (3), and are often refractory to treatment.
Chemotherapeutic agents containing heavy met-
als may offer a useful alternative to some of the
more commonly used topical preparations.
The purpose of the present study was to

examine the susceptibility of a number of strains
of Bacteroides to several heavy metals. An
additional aim of these investigations was to
determine the susceptibility of Bacteroides fra-
gilis to silver sulfadiazine (AgSD), the most
commonly prescribed topical antimicrobial
agent for burns and ulcers at our institution.
A total of 105 strains of Bacteroides were

obtained from the Department of Microbiology
Anaerobe Laboratory culture collection at the
University of Western Australia. They had been
identified according to the criteria of Holdeman
et al. (6) and represented the Bacteroides spp.
most commonly isolated from human infections
at the Sir Charles Gairdner Hospital, Perth,
Western Australia. The strains were the follow-
ing: 39 B. fragilis, 16 B. capillosus, 16 B. rumini-

cola, 11 B. fragilis group (4 B. distasonis, 2 B.
ovatus, 2 B. thetaiotaomicron, and 3 B. vulga-
tus) (2), 8 B. disiens, 6 B. oralis, 5 B. multiaci-
dus, 3 B. bivius, and 1 B. uniformis. The cultures
were maintained in prereduced supplemented
brain heart infusion broth and prereduced
cooked meat broth (6) at room temperature.
The following chemicals were obtained from

standard commercial sources and stock solu-
tions made at the concentrations indicated:
Na2HAsO4 (0.1 M), AgNO3 (0.1 M), NiSO4 (0.1
M), HgCl2 (0.01 M), CoCl2 (0.1 M), Pb(C2H302)
(0.1 M), CdSO4 (0.1 M), and Cr(NO3)3 (0.1 M).
These solutions were sterilized by filtration
through 0.22-p,m membrane filters (Millipore
Corp., Bedford, Mass.).

Susceptibility was determined by an agar dilu-
tion method with brain heart infusion agar sup-
plemented with 0.0005% hemin, 0.002% mena-
dione, and 0.5% yeast extract. Plates containing
20 ml of agar and four graded final concentra-
tions of ions were poured aerobically on the day
of the experiment. The concentrations were:
0.1, 0.01, 0.001, and 0.0001 M for arsenate (As),
silver (Ag), nickel (Ni), cobalt (Co), lead (Pb),
cadmium (Cd), and chromium (Cr) ions and
0.01, 0.001, 0.0001, and 0.00001 M for the mer-
curic (Hg) ion. This range covered those concen-
trations usually used in the study of aerobic or
facultative gram-negative bacteria (9, 13). Be-
fore use, the plates were dried at 37°C for 20
min.
The inoculum was prepared by diluting an

overnight culture in supplemented brain heart
infusion broth to the turbidity of a McFarland
no. 1 turbidity standard and making a 1:500
dilution thereof in supplemented brain heart
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TABLE 1. Susceptibility of 105 strains of Bacteroides to various metal ions

Metal * Cumulative % strains susceptible at following concn (M):
ion 0.00001 0.0001 0.001 0.01 0.1

As B. fragilis NTb 0 35 87 100
B. fragilis group NT 0 18 75 100
Bacteroides spp. (other) NT 0 50 86 100

Ag B. fragilis NT 0 40 100 100
B. fragilis group NT 0 81 100 100
Bacteroides spp. (other) NT 0 78 100 100

Ni B. fragilis NT 0 0 0 100
B. fragilis group NT 0 0 18 100
Bacteroides spp. (other) NT 0 0 21 100

Co B. fragilis NT 0 0 20 100
B. fragilis group NT 0 0 27 100
Bacteroides spp. (other) NT 0 0 36 100

Pb B. fragilis NT 0 0 4 100
B. fragilis group NT 0 0 18 100
Bacteroides spp. (other) NT 0 0 14 100

Cd B. fragilis NT 0 4 100 100
B. fragilis group NT 0 18 100 100
Bacteroides spp. (other) NT 0 14 100 100

Cr B. fragilis NT 0 0 0 100
B. fragilis group NT 0 0 0 100
Bacteroides spp. (other) NT 0 0 0 100

Hg B. fragilis 0 0 100 100 NT
B. fragilis group 0 0 100 100 NT
Bacteroides spp. (other) 0 0 100 100 NT

a Numbers tested: B. fragilis, 39; B. fragilis group, 11; Bacteroides spp. (other), 55.
b NT, Not tested.

infusion broth. The agar plates were inoculated
with a Steer's replicator, resulting in a final
inoculum of approximately 103 bacteria per spot.
The plates were incubated in GasPak jars (BBL
Microbiology Systems, Cockeysville, Md.) at
37°C for 24 h. After incubation, the minimum
inhibitory concentration was determined as the
lowest concentration of metal ion preventing
growth. For the purpose of defining resistance,
strains which were inhibited by 0.01 M As; 0.001
M Ag, Ni, Co, Pb, Cd, and Cr; and 0.0001 M Hg
were regarded as resistant. These concentra-
tions have been used in previous studies of
facultative bacteria (9, 13). A strain of Esche-
richia coli (NCTC 10418) known to be suscepti-
ble to these concentrations of ions and an agar
plate containing no metal ions were used as
controls.
A total of 25 strains of B. fragilis were tested

against AgSD by the following method. The
surface of a plate containing brain heart infusion
agar supplemented with 0.0005% hemin, 0.002%
menadione, and 0.5% yeast extract was flooded
with an inoculum prepared as described above.
The excess was removed, and the agar plate was
allowed to dry. With a sterile cork borer, a 9-
mm-diameter hole was punched in the center of
the agar plate. With an Oxford sampler, 100 pi of
a 0.1% AgSD suspension was placed in the well,

and the plate was incubated in a GasPak jar
overnight at 37°C. Any zone of inhibition was
considered to indicate susceptibility.
The Bacteroides spp. tested were convenient-

ly divided into B. fragilis, B. fragilis group, and
other Bacteroides spp. The cumulative percent-
ages of strains susceptible to various concentra-
tions of metal ions for these groups are present-
ed in Table 1. Overall, the results were similar
for all three groups. However, strains of B.
fragilis were significantly more resistant than
the other two groups to Ag (P < 0.0005, x2) and
slightly more resistant to Ni, Co, Pb, and Cd. It
is interesting to note that the strains inhibited by
0.01 M Pb were also inhibited by 0.001 M Cd,
suggesting, possibly, a common type of resist-
ance. All strains of Bacteroides tested were
resistant to multiple metals ions: 7 were resistant
to five metals ions (6%), 30 were resistant to six
metal ions (28.6%), 60 were resistant to seven
metals ions (57.1%), and 8 were resistant to all
eight metal ions (7.6%). The frequencies of
resistance for all strains for each metal ion tested
were as follows: As, 25%; Ag, 48%; Ni, 100M;
Co, 100%o; Pb, 100%; Cd, 92%; Cr, 100%; and
Hg, 100%o. All 25 strains of B. fragilis tested
against AgSD were susceptible.
A wide range of concentrations was tested

because of the paucity of information on the
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susceptibility of Bacteroides spp. to heavy met-
als. It was hoped that an inhibitory concentra-
tion would be obtained which could be used as a
guide for further investigations and that some
comparisons with previously reported studies of
facultative bacteria (9, 13) could be made. In-
deed, from the results it would appear that
Bacteroides spp. are far more resistant than
their facultative counterparts to the action of
heavy metals.

It is surprising, therefore, that reports in older
literature suggested that some anaerobic bacte-
ria were susceptible to heavy metals and metal-
loids (4). Chrysotherapy was apparently quite
common some years ago. Christiaens et al.
(cited in reference 4) reported a case with wide-
spread infection due to Fusiformis fusiformis
which responded to therapy with gold thiosul-
fate. Arsphenamines were also once widely used
both systemically and topically in the treatment
of so-called fusospirochaetal infections (11). Al-
though both these agents have lost favor for
modem day therapeutic regimens, our results
indicate that As ions were the most active of the
chemicals tested, with 75% of Bacteroides spp.
susceptible.
Of particular importance from a clinical view-

point is resistance to silver and mercury. The
use of topical AgNO3 and, occasionally, prepa-
rations containing mercury has been widespread
in the management of burns. Transferable silver
resistance has been demonstrated in Salmonella
typhimurium (8), and there is evidence for its
plasmid location in Enterobacter cloacae (1, 12).
Transmissible plasmids in a variety of gram-
negative bacilli, including E. coli, S. typhimur-
ium, and Pseudomonas sp., have been shown to
mediate mercury resistance (13, 15). Several
studies have now shown that Bacteroides spp.
contain transferable plasmids (7, 17, 20). Wheth-
er or not there is a relationship between resist-
ance to some heavy metals and the presence of
plasmids in Bacteroides spp. remains to be in-
vestigated, although Wallace et al. (19) could
find no correlation in a small number of strains
studied. If resistance to some heavy metals were
plasmid mediated, one would expect to find a
bimodal distribution of susceptibility. This is not
apparent from our data; an alternative and possi-
bly more acceptable interpretation is that heavy
metal resistance in Bacteroides spp. is intrinsic
rather than plasmid borne.
With the high incidence and levels of Ag

resistance in B. fragilis, it was surprising to find
that all 25 strains tested were susceptible to
AgSD. The mechanism of AgSD action has only
been investigated with Pseudomonas aerugino-
sa and Staphylococcus aureus, and the SD com-
ponent accounted for little of the activity of the
combination (5). Riley (10) showed that sulfon-

amides were effective against B. fragilis in vitro,
and possibly the SD component is more active
against Bacteroides spp. It would be interesting
to compare the efficacy of AgSD with that of a
topical sulfonamide for the treatment of ulcers
infected with anaerobic bacteria. If successful,
this would be a far less expensive form of
treatment for the very common problem of decu-
bitus ulcers.
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